A S NATURAL GRASSLANDS are converted to or from improved pasture or croplands, the change in ground cover can have large effects on the soil nutrient balance, soil erosion, and water quality in adjacent waterways. Effective, efficient evaluation of the impact of such changes in vegetative cover requires a robust model for plant growth, the soil water balance, runoff, soil erosion, and climatic impacts.
of seasonal change among species. Our second objective was to use these grass parameters to simulate biomass production of coastal bermudagrass, bahiagrass, and some native grasses on representative soils in several counties in a number of regions of Texas. Counties and soils that were simulated represented a diversity of sites in Texas where improved grasses and native grasses are grown. The ALMA-NAC model reasonably simulated biomass means and SDs for native grasses, coastal bermudagrass, and bahiagrass. The model is a realistic tool to simulate effects of soil type and weather on native and improved grass productivity on such diverse sites.
A S NATURAL GRASSLANDS are converted to or from improved pasture or croplands, the change in ground cover can have large effects on the soil nutrient balance, soil erosion, and water quality in adjacent waterways. Effective, efficient evaluation of the impact of such changes in vegetative cover requires a robust model for plant growth, the soil water balance, runoff, soil erosion, and climatic impacts.
There are many possible applications of such a model. It could be used to compare mean productivity and stability of productivity across years for native grass range sites and for improved pastures. It also could simulate environmental impacts of changing plant cover. These impacts include changes in soil erosion and water quality. Model simulations could help optimize livestock stocking rates and applied nutrients for native and improved grasses on different soils with varying rainfall amounts. Likewise, the responses of soil erosion and forage productivity to different grazing intensities could be simulated.
Ideally, such a model would have sufficient detail to simulate several plant species, soils, and climatic conditions without excessive input requirements. The model should be able to simulate improved grasses and common native grasses. The required plant parameters should be simple enough to be readily derived from published studies in conjunction with measurements that can be obtained without an inordinate amount of time and effort in field experiments. The model should have processbased components to simulate leaf area growth, biomass production, and nutrient uptake. In addition, the required soils data should be readily available, and there should be data sets with sufficient detail available for validating grass production simulations.
There has been a diversity of simulation models developed for grasses. These models include the SPUR (Simulation of Production and Utilization on Rangelands) model (Wight and Skiles, 1987; MacNeil et al., 1985; Stout, 1994) and the ELM (Ecosystem Level Model) (Innis, 1978) . In addition, Overman et al. (1988 Overman et al. ( , 1989 described two simple models to simulate coastal bermudagrass production with only three or four parameters that are fitted for each new location. More recently, Rymph et al. (2004) adapted the CROPGRO model (Boote et al., 1998) to simulate bahiagrass.
A more general model, called ALMANAC (Agricultural Land Management Alternative with Numerical Assessment Criteria), simulates a diversity of grass species as well as crops and interspecies competition (Kiniry et al., 1992) . This model meets all the above-mentioned criteria and has great potential for the listed applications. It is process based and can simulate one or several competing species. It simulates plant growth using independently derived parameters, with no recalibration among sites. The model includes components for the water balance, nutrient balance, and interception of solar radiation by competing plant species. Although some subroutines and functions from the EPIC (Erosion Productivity Impact Calculator) model (Williams et al., 1984) are included, the plant growth simulation is more detailed (Kiniry, 2006) . Daily values for maximum and minimum temperatures, precipitation, and incident solar radiation are required. Soil inputs are readily available from published USDA-ARS soil surveys.
The ALMANAC model is a valuable tool to simulate diverse cropping systems and diverse rangelands in the USA (Kiniry et al., 1996 (Kiniry et al., , 1997 (Kiniry et al., , 2004 (Kiniry et al., , and 2005 Kiniry and Bockholt, 1998; Yun et al., 2001 ). Recently, ALMANAC was shown to reasonably simulate native grass productivity on 20 soils at diverse sites in Texas (Kiniry et al., 2002) .
Although that study demonstrated the usefulness of this model for native range simulation, it did not address common improved grasses, such as coastal bermudagrass or bahiagrass. Often, such improved grasses have replaced native grass species. Realistic simulation of these two improved grasses in pastures will offer added dimensions to the possible applications of this model. If ALMANAC can accurately simulate such improved pastures and the native rangelands, the model could be a valuable tool for comparing these grass production systems on several soils and with variable rainfall amounts.
For the first part of our study, we developed plant parameters that allow ALMANAC to simulate coastal bermudagrass, bahiagrass, and three native, warmseason grasses that were not included in the previous study (Kiniry et al., 1999) . Additional field data were collected on two of the grasses that were in the previous study: sideoats grama (Bouteloua curtipendula (Michaux) Torrey) and switchgrass. This allowed us to test the stability of the parameters for those two species with independent data. Measurements were taken at three field sites in Texas for multiple years. To derive these plant parameters, we needed nearly nonlimiting environmental conditions with deep soils, adequate soil nutrients, and adequate soil moisture. Although typical rangeland conditions often have drought or nutrient limitations, when developing simulation model parameters, nearoptimum conditions allow for simulation of yield when sufficient nutrients and soil water are available. Likewise, realistic simulation of the water balance and nutrient balance provides accurate simulations in stress conditions. This modeling approach allows for direct model application with appropriate soil, water, and management inputs without recalibration at new sites.
In the second part of this study, the parameters we derived were used to simulate yields of native and improved grasses as reported by USDA-NRCS. This extended the previous test results (Kiniry et al., 2002) to areas with improved and native grasses. This allowed direct comparisons of the simulated yields of native and improved species with the same soils and with the same weather. We simulated biomass production of improved and native grasses on representative soils in several counties in Texas. Using published USDA-NRCS site productivity estimates (based on 3-5 yr of sampling), we evaluated the ability of the ALMANAC model to simulate productivity of coastal bermudagrass, bahiagrass, and native range. The grass yields reported by USDA-NRCS are currently called ''ecological site'' productivity, whereas in this paper we refer to them as ''native range'' productivity.
Important plant parameters included maximum leaf area index (LAImx), light extinction coefficient (k) for Beer's law (Monsi and Saeki, 1953) , radiation use efficiency (RUE), and optimum plant N concentrations during the season. Reported values for LAImx for bahiagrass and bermudagrass sometimes exceeded 6.0. Agata (1985a, b) reported that bahiagrass LAI in Japan increased to 7.5 and 8.5. Morgan and Brown (1983a, b) reported that coastal bermudagrass in Georgia had LAI values as large as 6 to 10. In contrast to these studies, Pedreira and Brown (1996) reported LAI values of 2.17 and 2.21 in late July and early August in Georgia for Pensacola bahiagrass. Although not as extensively reported as LAI, k values had a mean of 0.36 for bahiagrass in Japan (Agata, 1985a) , and coastal bermudagrass, with 12 data points in Georgia, had a mean k of 1.00 (Morgan and Brown, 1983a) .
Biomass growth is simulated as a function of intercepted solar radiation. The slope of biomass/intercepted photosynthetically active radiation (IPAR) is the RUE. Grass RUE can vary widely, from 1.8 g of biomass per MJ of IPAR for sideoats grama to 4.7 for switchgrass (Kiniry et al., 1999) . Values for RUE have also been determined for honey mesquite (Prosopis glandulosa Torr. var glandulosa) and eastern red cedar (Juniperus virginia L.) (Kiniry, 1998) and johnsongrass (Sorghum halepense (L.) Pers.) (Kiniry, 1994) .
Accurate values for optimum N concentrations of the whole plant enable accurate simulation of the plant nutrient balance. For each grass species simulated, ALMANAC requires optimum N concentrations for early season-and mid-season growth and at the end of the season. Concentrations of N in coastal bermudagrass and bahiagrass decrease from greater than 30 g kg 21 early in the season to less than 20 g kg 21 late in growth. Coastal bermudagrass in Georgia had mean N concentrations of 35.5 at 1 wk after harvest, 32.3 at 2 wk after harvest, 27.5 at 4 wk after harvest, and 18.7 at 8 wk after harvest (Monson and Burton, 1982) . Although coastal bermudagrass N concentrations have been reported to be greater than for Pensacola bahiagrass (Wilkinson and Langdale, 1974) , bermudagrass N does not always exceed that of bahiagrass. Bahiagrass N values of 16.0 to 19.6 have been reported in Florida (Adjei et al., 1980) and Georgia (Beaty et al., 1980) , whereas bermudagrass hybrids have had N concentrations of 17.9 to 20.9 in Florida (Pedreira et al., 1999) and 20.2 in Georgia (Burton and DeVane, 1952) . Concentrations of N for Pensacola bahiagrass were 70% of that for coastal bermudagrass for the top three applied N levels in Alabama (Ashley et al., 1965) . In Florida, Tifton 85 bermudagrass had 22 g kg 21 N, and Pensacola bermudagrass had 20 (Johnson et al., 2001 (Mislevy and Everett, 1981) . When Pensacola bahiagrass was grown in a greenhouse, the N concentration in the leaves was 21 from 10 d after leaf emergence until 30 d later and then dropped to 5 by 55 d after leaf emergence (Sampaio et al., 1976) .
Therefore, although there are scattered references with some parameter values of interest for these grasses, there has not been a unified study using common experimental techniques and the same or similar sites for Reproduced from Agronomy Journal. Published by American Society of Agronomy. All copyrights reserved.
these two improved grasses along with these common native grasses. Such results will provide more reliable parameters for simulations useful in comparing native and improved grass systems.
MATERIALS AND METHODS
Parameter Derivation At the Wills Point site and the Maysfield site, fences were built to exclude cattle from the study areas. At the Wills Point site in 2003, within an established pasture of bahiagrass, the fenced area was 23 by 11 m. The area was managed to assure bahiagrass was the dominant grass and measured in the seasons thereafter. This involved mowing at critical dates, herbicide applications, and fertilizing to assure no nutrient deficiency under the management practices used. At the Maysfield site in 2004, the fenced area was in an established pasture area with one half dominated by bahiagrass and one half dominated by coastal bermudagrass. This fenced area was 15 by 10 m. Mowing and herbicide applications were used to assure these two grass species were dominant. These plots were measured each season thereafter.
Bahiagrass plants at Wills Point and Maysfield were the Pensacola cultivar. The bahiagrass at both sites were initially thought to be planted with the Pensacola, but this could not be definitively determined by plant phenotype. Pensacola is a diploid with 2n 5 2x 5 20 chromosomes, whereas all other bahiagrass cultivars that were commercially available when these pastures were established are tetraploids with 2n 5 4x 5 40 chromosomes. To establish the cultivar in both pastures, the ploidy level of plants collected from both locations was determined using flow cytometry. The ploidy level of each plant taken from both pastures was determined by comparing its 2C peak with the 2C peak of Argentine bahiagrass. All bahiagrass plants collected from the two sites had one half of the DNA content as the internal standard Argentine bahiagrass. Because Argentine is a tetraploid, this indicates the all the plants dug from the research sites were diploids. Therefore, both of these pastures apparently consisted of a diploid bahiagrass. Because they were established when Pensacola was the only commercially available diploid bahiagrass cultivar, both pastures were Pensacola bahiagrass.
Annual On each sampling date, there were at least five measurements of PAR above the canopy, at least 10 below the leaf canopy at different positions, and at least five more above, in rapid succession. There were three sets of these light interception readings within each replication. PAR was measured with a 0.8-m-long Sunfleck Ceptometer PAR light bar sensor (Decagon Devices, Pullman, WA) while moving the sensor across the plot and avoiding harvested areas. Light measurements were taken between 10 AM and 2 PM local time. Measurements taken several times during a day indicated that FIPAR measurements in this time interval were within 2% of the weighted daily mean FIPAR. The weights were the incident PAR during each measurement. Our data are in agreement with Monteith's (1969) statement that ''Direct measurements of radiation in crops support. . . that the (diurnal) variation in k is usually small enough to neglect, at least over the central 8 h of the day when most assimilation takes place.'' This ''k'' is the extinction coefficient in Beer's law (Monsi and Saeki, 1953) .
The summed intercepted PAR was determined by linearly interpolating FIPAR to get daily estimates of this fraction. Daily incident PAR was calculated as 45% of the incident total solar radiation (Monteith, 1965; Meek et al., 1984 ) measured with standard weather stations within the plots at Temple and Wills Point and 200 m from the plots at Maysfield. Daily values for intercepted PAR were summed for each plot. Radiation use efficiency was determined by fitting a linear regression for aboveground dry biomass as a function of intercepted PAR. The slope was the RUE.
Dry matter (g per m 2 ground area), LAI, and N concentration (g N per g dry weight) were calculated using destructive sampling. Aboveground biomass was harvested on each sampling date of each year from three randomly selected 0.25 by 0.25 m areas per plot. All samples were dried in a forced-air oven at 70jC until weight stabilized. Green leaf and stem area was estimated by measuring the area of a subsample, weighing fresh, and determining total fresh weight of green material in the entire sample. Area of the green leaves and stems of each subsample was measured with a LI-3100 leaf area meter (LiCor, Lincoln, NE). Total green area was calculated by multiplying this measured leaf and stem area by the ratio of total fresh weight of green material divided by fresh weight of the green material from subsampled tillers. Plant N concentra- tions were determined by the total Kjeldahl Digest procedure by the Soil, Water, and Forage Testing Laboratory at Texas A&M University. Similar measurements of parameters descriptive of the growth of four native grass species were derived previously in a field experiment at Temple, TX. These included switchgrass, sideoats grama, big bluestem (Andropogon gerardii Vitman), and eastern gamagrass (Tripsacum dactyloides L.). The results of the first 3 yr of that study were published by Kiniry et al. (1999) .
Simulation of light interception requires accurate description of leaf area production and decline. For this purpose, we determined the maximum LAI during each season and how LAI increased during the season. In cases with one value for LAImx much larger than in other seasons, mean LAImx values were calculated with and without the larger value. This provided some guidance for reasonable values of LAImx. Soil water and nutrients commonly limit grass growth in Texas. ALMANAC's water balance consists of transpiration calculations predicting potential plant water use if sufficient water is present in the current rooting zone. The nutrient balance (N and P) also allows plants to acquire sufficient nutrients to meet the demands if adequate quantities are available in the current rooting zone. Nutrient values for the grasses were derived in the studies at the three sites, with adequate fertilizer.
Data Sets for Model Evaluation
Coastal and bahiagrass pastures are predominantly in the central and eastern counties of Texas, due to low rainfall in the western and extreme southern counties. The counties and soils in the state for this study were selected to represent the diversity of sites where coastal bermudagrass yield and native grass yield were reported by USDA-NRCS in the Web Soil Survey http://soils.usda.gov/survey) in the state ( Fig. 1 and Table 2 ). Four of the more eastern counties also had reported yields of bahiagrass. The selected sites represent a wide range of climatic conditions. Mean annual rainfall ranged from 630 and 724 mm in Uvalde and Medina Counties to 1110 and 1151 mm in Smith and Lamar Counties.
The grass yields reported in the Web Soil Survey for range sites, coastal bermudagrass, and bahiagrass for each soil were compared with ALMANAC's mean simulated annual biomass production using 30 yr of measured weather data. Potential annual grass biomass production values for specific soils in each county were reported in the Web Soil Survey. These reported annual production values were derived from at least 3 yr of sampling on sites with near pristine climax condition. Although this sampling was typically done at the end of the growing season, this technique estimated total annual production. At least 10 randomly selected sample plots were measured at each site. These plots were clipped at 5 cm height, and the above-ground biomass was measured. The standardized NRCS procedure, to allow measurements in a diversity of regions, was to air dry samples. We assumed these samples contained 10% moisture (Morrison, 1941) . The biomass weight of all species was measured. We simulated the most common one or two reported grass species for each site when simulating annual production with ALMANAC.
Soil parameters were based on three prevalent soil series in each county (Table 3) . Simulated annual production values were the sum of three simulated harvests during each growing season. Climate data came from a centrally located weather station in each county.
An additional data set was used for validating the simulation of coastal bermudagrass and Pensacola bahiagrass. A published study at Eagle Lake, TX (Evers, 1985) for 2 yr had different applied N treatments. The site (29j37µ N, 92j22µ W; 46 m a.s.l.) was on a Crowley fine sandy loam (fine smectitic, thermic, Typic Albaqualfs) and had treatments ranging from 0 to 336 kg ha 21 applied N in 1979 and 1980. Plots were harvested monthly from May through October.
Model Description
The ALMANAC model contains components for the water balance and the nutrient balance and interception of solar radiation. The model can simulate a single plant species or several species competing for light, water, and nutrients. Daily plant growth is simulated through LAI, light interception, and a constant for converting intercepted light into biomass (RUE). The simulated LAI and biomass growth can be reduced by stresses such as nutrient deficiency, drought, or temperature extremes.
ALMANAC was designed to require only readily available inputs. Soil inputs can be derived from the USDA-NRCS National Soil Information System database http://soildatamart. nrcs.usda.gov/). Weather inputs (daily maximum and minimum temperatures, solar irradiance, and precipitation) are available from many sites.
Light interception requires simulation of leaf area production and decline. ALMANAC simulates LAI development through the season with a sigmoid curve. This describes the increase in LAI under nonstress conditions as a function of heat units. The decreases in leaf area late in the season are simulated with a factor for rate of LAI decline (RLAD). The shape of this leaf area decline function is determined from the value of RLAD. The leaf area declines linearly after flowering as heat units accumulate when the RLAD value is 1.0. Slower, nonlinear decreases occur with values less than 1.0, whereas values greater than 1.0 cause faster, nonlinear decreases.
The model simulates the LAI development based on a potential LAI for a species and a curve describing how LAI can develop during the season. Values of LAI for some representative warm-season species were from measurements on Reproduced from Agronomy Journal. Published by American Society of Agronomy. All copyrights reserved.
plants in field plots (Kiniry et al., 1999) . Simulated potential LAI of each species was adjusted using the input plant stand (Table 4) . These values were determined based on realistic plant stands for the species in common range conditions. The model uses Beer's law (Monsi and Saeki, 1953) and the LAI to simulate light interception. The fraction of incoming solar radiation intercepted is Fraction 5 1:0 2 exp(2k 3 LAI)
[1]
Values for k (Table 5) were derived in the field as described previously (Kiniry et al., 1999) . ALMANAC simulates biomass growth with a RUE approach. The rate of biomass accumulation decline describes the decrease in RUE after anthesis for each species. Soil water and nutrients commonly limit grass growth in Texas. ALMANAC's water balance consists of transpiration calculations predicting potential plant water use if sufficient water is present in the current rooting zone. The nutrient balance (N and P) also allows plants to acquire sufficient nutrients to meet the demands if adequate quantities are available in the current rooting zone. Nutrient values for the grasses were derived in the studies at the three sites, with adequate fertilizer. The simulated grass growth was reduced below potential at the range sites as nutrients became limiting.
For the ALMANAC simulations, we used maximum rooting depth values ranging from 2.2 m for switchgrass to 1.2 m for buffalograss and sideoats grama. Bahiagrass, coastal bermudagrass, big bluestem, eastern gamagrass, little bluestem, and indiangrass [Sorghastrum nutans (L.) Nash] were simulated with a value of 2.0 m. Maximum rooting depth defines the potential depth of a plant species in the absence of a rootrestricting soil layer. Its value is critical for simulating the water balance in diverse climatic conditions and on different soils. Values from the literature indicate that coastal bermuda- grass and bahiagrass can root to 2.0 m or greater. Holt and Fisher (1960) reported that coastal bermudagrass roots extend to 1.5 to 1.8 m in central Texas. Burton et al. (1954) reported that at the end of 1 yr in Georgia, maximum rooting depths were 2.44 m for coastal bermudagrass, 1.22 for common bermudagrass, and 0.61 m for bahiagrass. However, by the end of 2 yr, all three grasses had roots reaching 2.44 m. Adams et al. (1966) reported that coastal bermudagrass rooted to at least 2.0 m and that common bermudagrass rooted to 1.9 m in Georgia.
Native warm-season grasses often can root to greater than 1.5 m according to studies in Illinois (Sperry, 1935) , Colorado (Shantz, 1911) , Nebraska (Weaver, 1954) , and Texas (Kiniry et al., 1999) . Little bluestem rooted to 1.1 m depth in Illinois, 1.2 to 1.4 m in Nebraska, and 1.5 m in Colorado. Big bluestem rooted to 1.8 m in Illinois, 1.5 to 2.1 m in Nebraska, and 1.6 m in Texas. Sideoats grama rooted to 1.2 m in Nebraska and Texas. In Nebraska, indiangrass rooted to 1.5 to 1.7 m, whereas blue grama and buffalograss rooted to 1.8 m. Switchgrass had the deepest roots, with depths of 2.4 to 3.3 m in Nebraska and 2.2 m in Texas.
ALMANAC simulates plant development with daily heat units calculated with a base temperature and an optimum temperature. Base temperature is the same for all growth stages for a plant species. Base temperature constrains the initiation of leaf area growth and thus dry matter accumulation. Base temperature for the warm-season grasses in this study was assumed to be 12jC, and optimum temperature was 25jC. The input heat units to reach maturity each year varied among the grass species simulated. We used 1800 heat units for the native species and 900 for coastal bermudagrass and bahiagrass.
RESULTS

Parameter Derivation
The plant parameters reported herein provide guidance for deciding which are most critical for describing growth of these improved and native species. By using the same experimental techniques on the same or similar sites for all species, we can readily determine how these parameters differ among improved and native species.
An LAI value of 2.2 seemed to be a reasonable average for seasonal maximum (LAImx) for coastal bermudagrass and bahiagrass (Tables 6 and 7) . For coastal bermudagrass, LAImx values ranged from 1.2 for the regrowth in 1999 to 5.5 for the main growth period in 1999. The mean LAImx for all growing seasons was 2.86 6 1.53 (mean 6 SD). Without the largest value, the mean LAImx was 2.19 6 0.34. For bahiagrass, the mean LAImx was 2.21 6 0.67.
For the native grasses (Tables 8 and 9 ), blue grama had the smallest LAImx values. The ranking of species for increasing LAImx was little bluestem, buffalograss, sideoats grama, and switchgrass. For model applications, LAImx values were close to 0.6 for blue grama, 0.8 for little bluestem, 1.8 for buffalograss and sideoats grama, and 6.1 for switchgrass. Values for k also showed some similarity among grass species. A value of 1.0 to 1.1 seemed to be reasonable for coastal bermudagrass, bahiagrass, and sideoats grama, whereas the switchgrass value seemed to be close to 0.7. Reasonable values for the other grasses were 1.3 for little bluestem, 1.6 for blue grama, and 2.1 for buffalograss.
Radiation use efficiency is the slope of the line for aboveground dry biomass as a function of summed intercepted PAR (see example in Fig. 2 ). Of the five grasses for which we measured RUE (Tables 10 and 11) , coastal bermudagrass had the largest RUE values, followed by buffalograss and bahiagrass. Sideoats grama and blue grama had the lowest values.
Nitrogen concentrations [N] measured throughout the season (Fig. 3) were used to estimate optimum concentrations for plants at each developmental stage. Grass [N] values showed similar patterns of change during the seasons, with three of the five measured species decreasing nonlinearly to near 0.010 g per g dry biomass by the end of the growing season. Coastal bermudagrass [N] (Fig. 3a) decreased from about 0.040 to 0.010 g per g dry biomass during the seasons. Bahiagrass [N] (Fig. 3b) decreased in a similar fashion. Its maximum and minimum values also were near 0.040 and 0.010. Values for buffalograss [N] (Fig. 3c) began lower but did not decrease to such a low concentration; it decreased from 0.036 to 0.017. Sideoats grama [N] (Fig. 3d) decreased from 0.027 to 0.010. Blue grama [N] (Fig. 3e) decreased from about 0.025 to 0.020. Thus, initial values for [N] were greatest for coastal and bahiagrass and lowest for sideoats grama and blue grama. Estimates for lateseason [N] were near 0.010 for three of the five species, with buffalograss and blue grama having the greatest values for late season [N] .
The direct comparison of the fitted lines for [N] (Fig. 3f ) showed how coastal bermuda's initial high [N] sampling occurred on a later date than for bahiagrass. Coastal bermuda growth began later in the spring than for bahiagrass, so the first sampling was later. The curves for the three native species were more level. The curves for coastal bermuda, bahiagrass, and sideoats grama were similar after about Day 150.
Model Evaluation
The ALMANAC model reasonably simulated the aboveground dry biomass production means and SDs for range sites, coastal bermudagrass, and bahiagrass (Table 12) . For coastal bermudagrass, the simulated mean 6 SD was 6.3 6 2.6 Mg ha 21 , as compared with 6.3 6 2.4 as reported by NRCS. For bahiagrass, the simulated values were 6.3 6 1.2, and the NRCS reported values were 6.2 6 1.4. For range sites, simulated values and NRCS values were 4.3 6 1.5.
Each set of simulations (coastal bermudagrass, bahiagrass, and range sites) failed to show consistent bias at low, medium, or high yields. The simulated results were split into three groups based on NRCS reported yields. For coastal bermudagrass, these groups were 3 to 5 Mg ha 21 , 6 to 8 Mg ha
21
, and 9 Mg ha 21 and greater. Because of the nature of the NRCS yield data, being means of multiple years, we used the mean simulated yield/ reported yield ratios for comparisons. The low group, with 15 soil/county combinations, had a mean simulated yield/reported yield ratio of 1.06. The mean ratio for the mid range of yields was 0.96 (n 5 12). The highest yielding group had a ratio of 1.03 (n 5 11). For bahiagrass, the three groupings were 2 to 5 Mg ha 21 (n 5 4), 6 to 7 Mg ha 21 (n 5 4), and 8 Mg ha 21 and greater (n 5 2). The mean simulated yield/reported yield ratios were 1.08, 1.06, and 0.89, respectively.
For range sites, the three groupings were for 2 to 3 Mg ha 21 (n 5 5), 4 to 5 Mg ha 21 (n 5 12), and 6 Mg ha 21 and greater (n 5 7). Simulated/reported ratios were 1.04, 1.07, and 0.95, respectively.
The relative rankings between range and coastal bermudagrass simulated yields agreed with the rankings of NRCS-reported yields in most cases. Of the 24 soil/ county combinations with range and coastal bermudagrass yields reported, the relative rankings of range/ (2005) LAI 0.78 6 0.09 k 0.78 6 0.11 † DOY, day of year. ‡ Mean k 6 SD 5 1.00 6 0.42; n 5 22 dates. Mean LAImx 6 SD 5 2.21 6 0.67. coastal bermudagrass for simulated yields agreed with NRCS yields in 19 cases. For these 19 cases, coastal bermudagrass yields exceeded range site yields in 16 cases and were less than range site yields in two cases and similar to the range site yield for one case. Three of the five cases where rankings differed had NRCS coastal bermudagrass yields less than NRCS range site yields.
For bahiagrass and coastal bermudagrass, results were even more promising. Of the 10 soil/county combinations with bahiagrass, the relative ranking of bahiagrass/ coastal bermudagrass simulated yields agreed with NRCS rankings in all cases. Coastal bermudagrass yields were greater than bahiagrass yields in eight of these cases and nearly the same in two.
For the Eagle Lake simulations, ALMANAC's simulated biomass yields were similar to the reported biomass for the different N treatments for both years (Fig. 4  and 5) . The highest applied N treatment had simulated/ reported ratios of 1.00 and 1.07 for bahiagrass in the 2 yr. For coastal bermudagrass, these ratios were 0.90 and 0.91. For the zero applied N treatments, the yield ratios were 0.70 and 0.75 for bahiagrass and 0.76 and 0.68 for coastal bermudagrass. Although simulated and reported responses had somewhat similar shapes, the simulated yields tended to have plateaus with the high N treatments, whereas the reported yields did not.
DISCUSSION
The results reported herein provide important values for simulating these common grass species in the southern USA. The previously published values on switchgrass and sideoats grama described below are from Kiniry et al. (1999) . Values for these species described in this article show promise for refinement of those parameters. Values for coastal bermudagrass, bahiagrass, buffalograss, little bluestem, and blue grama will help extend the modeling of grasslands and pastures to different areas and different management scenarios.
When examining values of k and LAI, certain patterns emerge within and among species. We learned that species with the largest LAImx values tended to 2.68 6 0.46 k 1.59 6 0.17 † DOY, day of year. ‡ For blue grama: mean k 6 SD 5 1.62 6 0.58, n 5 12 dates; mean LAImx 6 SD 5 0.59 6 0.58; without 1999, mean LAImx 5 0.26 6 0.14. § For little bluestem: mean k 6 SD 5 1.34 6 0.70, n 5 10 dates; mean LAImx 6 SD 5 0.76 6 0.74; without 2000, mean LAImx 5 0.33 6 0.01. ¶ For buffalograss: mean k 6 SD 5 2.13 6 0.58, n 5 7 dates; mean LAImx 6 SD (1998 and 1999) 5 1.77 6 0.71.
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have the lowest k values. Switchgrass had the greatest LAImx (near 6.0) and the smallest mean k (0.69). The two species with the smallest LAImx values, little bluestem and blue grama, had some of the greatest mean k values (1.34 and 1.62). Three intermediate LAI species, coastal bermudagrass, bahiagrass, and sideoats grama, had intermediate mean k values ranging from 1.0 to 1.11. Buffalograss was unusual in that it had an intermediate mean LAImx value but had the greatest mean k (2.13).
The highest k values sometimes occur at low LAI values early in the season because at that time plants have less mutual shading among leaves and more horizontal leaf orientation, leading to more efficient light interception. To test for unusually high k values, we calculated a threshold k value for each species as the sum of the mean and 1 SD. We chose 1 SD as the threshold to standardize the criterion while taking into account the variability in the results. These k thresholds were 1.45 for LAI 2.20 6 0.37 k 0.63 6 0.11 † For sideoats grama: mean k 6 SD 5 1.1110.45, n 5 13 dates; mean LAImx 6 SD 5 1.84 6 0.41. ‡ For switchgrass: mean k 6 SD 5 0.6910.21, n 5 9 dates; mean LAImx 6 SD 5 6.10 6 0.04. Reproduced from Agronomy Journal. Published by American Society of Agronomy. All copyrights reserved.
when LAI was less than 1.0. Blue grama, with its much smaller LAI values, had no dates with k greater than its threshold. Sideoats grama had no dates with k larger than the threshold in 1998 and 2000. However, in 1999, the two dates with the lowest LAI values had k values in excess of the threshold. None of the buffalograss k values on the first harvest each year had k values above the threshold. Switchgrass k was above the threshold on the first sampling date in 1999 but not in 2000.
Values of LAImx we obtained for sideoats grama were comparable to those in the previously published study, but those for switchgrass were much lower (near 6), compared with 12 or more in the published study. Both switchgrass values are sufficiently large to intercept nearly all the incident light and allow maximum plant transpiration. For sideoats grama, the previously published values were near 1.6 and 1.7, whereas in this study the values were near 1.8.
Values for extinction coefficient of sideoats grama were also close to the values previously published (Kiniry et al., 1999) , whereas switchgrass showed some deviation. The sideoats grama mean k of 1.11 was comparable to the previously published mean of 1.05. The switchgrass mean k of 0.69 was greater than the previously published mean of 0.33.
The RUE values were lower than the 4.0 to 5.0 g MJ 21 previously reported for switchgrass but were similar to the previously reported 1.4 for big bluestem. Radiation use efficiency values for four of the five measured grass species in the present study were between 1.0 and 2.0 g MJ 21 . For sideoats grama, the mean RUE for the top 2 yr for the present study was the same as previously published (1.1 g MJ 21 ). For coastal bermudagrass and bahiagrass, the means for the top 2 yr were near 1. Based on these results, the ALMANAC model seems to be a realistic tool to simulate the effects of soil type and weather when comparing grass productivity of native grasses to coastal bermudagrass and bahiagrass in diverse regions of Texas. The model also holds promise for simulating these grasses in other areas of the USA. Because it simulates nutrient uptake, canopy cover, and soil erosion, ALMANAC could be used as a realistic tool for comparing nutrient uptake of native and improved grasses. The model's ability to simulate leaf canopy cover should make it a useful tool for comparing the impacts of grazing and hay cutting management on soil erosion for native and improved grasses. 
